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(54) METHOD OF MANUFACTURING HIGH STRENGTH GALVANIZED STEEL SHEET 
EXCELLENT IN PRESS-FORMABILITY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a high 
strength galvanized steel sheet excellent in pres- 
formability and coating stickiness useful to members for 
motor car, building, electric machinery and apparatus, 
etc. 

SOLUTION: The steel sheet composed, by mass %. of 
0.04-0.2% C, 0.2-1.8% Si, 0.5-2.5% Mn and 0.01-1.0% 
A! and 0.4%<Si+0.8AI<1.8% in the relation of Si and Al 
and the balance Fe with the inevitable impurities, is 
annealed at 650-900'*C in two phase coexisting range for 
300 sec-10 min. Thereafter, this steel sheet is cooled to 
350-500°C at 2-200^C/sec cooling rate and held to this 
temperature range for 5 sec-20 min and successively. 
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the galvanizing treatment is applied and the galvanized steel sheet is held at the temperature 
range of 470-600°C for 5 sec-2 min. Thereafter, this galvanized steel sheet is cooled to <250° 
C at >5'*C/sec cooling rate and the retained austenite in the steel sheet structure of 2-20% 
volume ratio is secured and also, the Zn alloy coated layer containing 8-15% Fe, <1% Al with 
inevitable impurities on the steel sheet surface, is formed. 
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♦NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By mass %, C:0.04 - 0.2%, Si:0,2-1.8%, Mn:0.5-2.5%, aluminum:0.01-1.0% is contained. 
And and the relation between Si and aluminum The steel plate which consists of Remainder Fe and the 
unescapable impurity with which are satisfied of 0.4(%) <=Si+0.8 and aluminum(%) <=1.8% It anneals 
for 30 seconds to 10 minutes by the 650-900-degree C two-phases coexisting temperature range, and 
after that, it cools to 350-500 degrees C with the cooling rate of 2-200 degrees C/second, and holds in 
the temperature region for 5 seconds to 20 minutes. Subsequently While giving hot dip zincing, holding 
in a 470-600-degree C temperature region for 5 seconds to 2 minutes, cooling at 250 degrees C or less 
with the cooling rate of 5 degrees C/second or more after that and securing retained austenite 2 to 20% 
at the rate of the volume during a steel plate organization A steel plate front face is the manufacture 
approach of a high intensity alloying hot-dip zinc-coated carbon steel sheet excellent in the press- 
forming nature characterized by forming Zn alloy-plating layer containing less than [ aluminum: 1% ] 
and an unescapable impurity Fe:8-15%. 

[Claim 2] The manufacture approach of a high intensity alloying hot-dip zinc-coated carbon steel sheet 
of said steel plate being mass % and having excelled in the press-forming nature according to claim 1 
characterized by containing two of at least one sort or the sorts or more less than [ nickel:2.0% ], less 
than [ Cu:2.0% ], and below Co:2.0% further. 

[Claim 3] The manufacture approach of a high intensity alloying hot-dip zinc-coated carbon steel sheet 
of said steel plate being mass % and having excelled in the press-forming nature according to claim 1 
characterized by containing two of at least one sort or the sorts or more less than [ Nb:0.1% ] and below 
Ti:0.1% less than [ Mo:0.2% ], less than [ Cr:l% ], less than V:0.3%, and less than B:0.01% further. 
[Claim 4] Are mass %, and further, while containing two of at least one sort or the sorts or more less 
than [ nickel:2.0% ], less than [ Cu:2.0% ], and below Co:2.0%, said steel plate Mo: Less than [ 0.2% ], 
less than [ Cr:l% ], less than V:0.3%, less than B:0.01%, Nb: The manufacture approach of a high 
intensity alloying hot-dip zinc-coated carbon steel sheet excellent in the press-forming nature according 
to claim 1 characterized by containing two of at least one sort or the sorts or more less than [ 0.1% ] and 
below Ti:0.1%. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the process of the high intensity alloying hot-dip zinc- 
coated carbon steel sheet which is excellent in the overhang moldability and plating adhesion at the time 
of press forming especially about the manufacture approach of a high intensity steel plate useful as a 
member of business, such as an automobile, construction, and an electrical machinery and apparatus. 
[0002] 

[Description of the Prior Art] About members, such as cross members, such as an automobile, and a side 
member, lightweight-ization is considered that it should correspond to the trend of fuel consumption 
reduction in recent years. And in respect of the ingredient, in order to attain the lightweight-ization, even 
if it carries out thinning, high intensity-ization is advanced from a viewpoint that reinforcement is 
secured. However, generally, since the press-forming nature of an ingredient deteriorates as 
reinforcement rises, in order to attain lightweight-ization of the above-mentioned member, development 
of the steel plate with which are satisfied of both the properties of press-forming nature and high 
intensity nature is called for. 

[0003] Although there are the others, n value, and r value in a tension test as an index of a moldability, 
in these days when simplification of the press process by shaping has really been a technical problem, 
the large thing of the n value equivalent to uniform elongation is becoming important especially. 
[ elongation ] For this reason, the hot rolled sheet steel and cold rolled sheet steel which utilized the 
transformation induction plasticity of the retained austenite contained in steel are developed. Without 
including an expensive alloy element, this kind of steel plate uses only about 0.07 - 0.4% of C, about 0.3 
- 2.0% of Si, and about 0.2 - 2.5% of Mn as a fundamental alloy element, is a steel plate to which 
performing a transformation to bainite at the temperature of 300 - 450 degree-C inside and outside after 
annealing contains retained austenite all over a metal texture by heat treatment of the description in a 
two phase region, for example, is indicated by JP,1-230715,A, JP,2-217425,A, etc. It is indicated by not 
only the cold rolled sheet steel with which this kind of steel plate was manufactured by continuous 
annealing but JP,1 -79345 ,A that the hot rolled sheet steel which controlled and manufactured cooling 
with a run out table and winding temperature is also obtained. 

[0004] Plating-ization of the member for automobiles is progressing reflecting the inclination of 
upgrading of an automobile for the purpose of raising the corrosion resistance of the member for 
automobiles, and an appearance, and the galvanized steel sheet is used for many members except the 
specific member with which in the car is equipped in current. Therefore, although it is effective to use it 
from a viewpoint of improvement in corrosion resistance in the steel plate used for the member for 
automobiles, performing alloying melting Zn plating which performed melting Zn plating to the front 
face, or carried out after [ melting Zn plating ] alloying processing In being a high-tensile-steel plate 
with many Si contents among these steel plates Since a steel plate front face tends to have an oxide film, 
in case melting Zn plating is performed, minute the non-galvanized section arises, or The present 
condition is that the high tension Takanobu nature alloying melting Zn plating steel plate of the high Si 
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system which there are problems, like the plating adhesion of the processing section after alloying 
processing is inferior, and has the outstanding processing section plating adhesion, and was excellent in 
corrosion resistance is not put in practical use. 

[0005] And since 0.3 - 2.0% of Si was added in the steel plate currently indicated by JP,1-230715 A 
JP,2-217425,A, etc., the unique transformation to bainite was utilized and retained austenite is secured, 
it is a two-phases coexisting temperature range, and it necessary to control quite strictly cooling after 
annealing, and maintenance in the temperature region of 300 - 450 degree-C inside and outside again. 
That is, if these cooling and maintenance are not controlled strictly, the metal texture which means will 
not be obtained, consequently reinforcement and elongation will separate from the range of target. 
[0006] industrially, this heat history is realized in a continuous annealing furnace, and the run out table 
and winding process after hot rolling - having, although carried out Since the transformation of an 
austenite is completed at 450-600 degrees C you to be Sumiya Control which shortens especially time 
amount which piles up in 450-600 degrees C is required, and since a metal texture changes remarkably 
depending on the time amount held at least 350-450 degrees C, if it shifts, only stale reinforcement and 
elongation will be acquired from expected conditions. 

[0007] Furthermore, since the time amount which piles up in 450-600 degrees C contains a******** 
and Si which worsens plating nature as an alloy element, plate leaping of the hot-dipping facility cannot 
be carried out, and it cannot consider as a plating steel plate, but since surface corrosion resistance is 
inferior, there is a trouble that extensive industrial use is barred, in the steel plate of the above- 
mentioned official report indication. In order to solve the above-mentioned problem, Si concentration is 
regulated in JP,5 -247586, A or JP,6-145788,A, and the steel plate which has improved plating nature by 
this Si regulation of emission concentration is indicated. Retained austenite is made to generate by 
adding aluminum instead of Si by these improvement approaches. 

[0008] However, since change of the reinforcement by the maintenance at the time of the alloying after 
plating and elongation is large also when it anneals by these improvement approaches, when actually 
manufacturing a steel plate, the temperature control for acquiring a desired property is difficult. 
[0009] 

[Problem(s) to be Solved by the Invention] This invention solves the above-mentioned trouble and 
offers the approach of manufacturing efficiently the high intensity alloying hot-dip zinc-coated carbon 
steel sheet which was excellent in press-forming nature and plating adhesion. 
[0010] 

[Means for Solving the Problem] this invention person investigated in the detail the effect annealing 
conditions affect the quality of the material of a steel plate in order to solve the above-mentioned 
trouble, and the conditions which enable manufacture of the high intensity steel plate which was 
excellent in press-forming nature in the hot-dipping facility were found out. That is, in order to have 
manufactured without difficulty the high intensity alloying hot-dip zinc-coated carbon steel sheet which 
utilized the transformation induction plasticity of retained austenite and was excellent in press-forming 
nature, before this invention persons adjusted the content of Si and aluminum and gave hot dip zincing, 
they found out that it was important to hold at 350-500 degrees C for 5 seconds to 20 minutes, and to 
stabilize retained austenite. This invention is completed also paying attention to ain effective thing, when 
adding at least one sort or two sorts or more, and/or at least one sort or two sorts or more in Mo, Cr, V, 
B, Nb, and Ti of requirements in nickel, Cu, and Co of requirements if needed to a steel plate solves the 
above-mentioned trouble further, although completed based on the above-mentioned knowledge. And 
the place made into the meaning is as follows. 

[0011] By mass %, (1) C:0.04 - 0.2%, Si:0.2-1.8%, Mn:0.5-2.5% and aluminum:0.01-1.0% are 
contained. And the steel plate with which the relation between Si and aluminum consists of Remainder 
Fe and the unescapable impurity with which are satisfied of 0.4(%) <=Si+0.8 and aluminum(%) <=1.8% 
It anneals for 30 seconds to 10 minutes by the 650-900-degree C two-phases coexisting temperature 
range, and after that, it cools to 350-500 degrees C with the cooling rate of 2-200 degrees C/second, and 
holds in the temperature region for 5 seconds to 20 minutes. Subsequently While giving hot dip zincing, 
holding in a 470-600-degree C temperature region for 5 seconds to 2 minutes, cooling at 250 degrees C 
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or less with the cooling rate of 5 degrees C/second or more after that and securing retained austenite 2 to 
20% at the rate of the volume during a steel plate organization The manufacture approach of a high 
intensity alloying hot-dip zinc-coated carbon steel sheet excellent in the press-forming nature 
characterized by forming Zn alloy-plating layer containing less than [ aluminum: 1% ] and an 
unescapable impurity in a steel plate front face Fe:8-15%. 

[0012] (2) The manufacture approach of a high intensity alloying hot-dip zinc-coated carbon steel sheet 
of the steel of the above (1) being mass % and having excelled in the press-forming nature characterized 
by containing two of at least one sort or the sorts or more less than [ nickel:2.0% ], less than 
[ Cu:2.0% ], and below Co:2.0% further. 

(3) The manufacture approach of a high intensity alloying hot-dip zinc-coated carbon steel sheet of the 

steel plate of the above (1) being mass %, and having excelled in the press-forming nature characterized 

by containing two of at least one sort or the sorts or more less than [ Nb:0.1% ] and below Ti:0.1% less 

than [ Mo:0.2% ], less than [ Cr:l% ], less than V:0.3%, and less than B:0.01% further. 

[0013] (4) Are mass and further, while containing two of at least one sort or the sorts or more less 

than [ nickel:2.0% ], less than [ Cu:2.0% ], and below Co:2.0%, the steel plate of the above (1) Mo: The 

manufacture approach of a high intensity alloying hot-dip zinc-coated carbon steel sheet excellent in the 

press-forming nature characterized by containing two of at least one sort or the sorts or more less than 

[ Nb:0,l% ] and below Ti:0.1% less than [ 0.2% ], less than [ Cr:l% ], less than V:0.3%, and less than 

B:0.01%. 

[0014] 

[Embodiment of the Invention] The component presentation of the high intensity alloying hot-dip zinc- 
coated carbon steel sheet of this invention is limited from a viewpoint which gives the outstanding 
press-forming nature and plating adhesion. Below, the reason for limitation is explained for every 
component at a detail. C is an austenite stabilization element, moves out of a ferrite in a two-phases 
coexisting temperature range and a bainite temperature-of-transformation region, and condenses in an 
austenite. Consequently, the austenite stabilized chemically remains 3 to 20%, even after being cooled to 
a room temperature, and a moldability becomes good with this transformation induction plasticity. Since 
it could not become difficult to secure 2% or more of retained austenite as C is less than 0.04% and it 
could not attain the purpose, the minimum was made into 0.04%. Moreover, since weldability is 
worsened, that C exceeds 0.2% must avoid. So, the upper limit of C was made into 0.2%. 
[0015] Si does not dissolve to a cementite but delays the transformation from the austenite in 350-600 
degrees C by controlling the deposit. In the meantime, since concentration of C to the inside of an 
austenite is promoted, the chemical stability of an austenite increases and reservation of the retained 
austenite which contributes transformation induction plasticity to raising a lifting and a moldability is 
enabled. Since the effectiveness could not be found out as Si is less than 0.2%, the minimum was made 
into 0.2%. On the other hand, since plating nature got worse when Si was made [ many ], the upper limit 
was made into 1.8%. 

[0016] Mn is an austenite formation element, and is the way cooled at 350-600 degrees C after annealing 
by the two-phases coexisting temperature range, and is an element which prevents an austenite 
decomposing to a pearlite. So, since Mn was added in this invention in order to contain retained 
austenite all over the metal texture after cooling to a room temperature, but it was not suitable when the 
need of cooling with such a quick cooling rate that industrial control not being performed came out and 
this invention was carried out industrially in order to suppress the decomposition to a pearlite in less 
than 0.5% of addition, the minimum was made into 0.5%. On the other hand, by a band organization 
being notably discovered, and degrading a property, and becoming easy to fracture the spot welding 
section within a nugget, when Mn was added exceeding 2.5%, since it was not desirable, the upper limit 
was made into 2.5%. 

[0017] aluminum is an element which does not dissolve to a cementite, but controls a deposit of a 
cementite like Si on the occasion of maintenance at 350-600 degrees C, and delays advance of a 
transformation at the same time it is used also as deoxidation material. However, small deer existence 
will be recognized by the martensite which worsens a moldability to the metal texture since aluminum 
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brings transformation initiation forward since ferrite organization potency is stronger than Si, short-time 
maintenance also makes C condense in an austenite from the time of annealing in a two-phases 
coexisting temperature range very much and the chemical stability of an austenite is raised, if aluminum 
of requirements is contained, after cooling to a room temperature. So, if aluminum coexists with Si, 
change of the reinforcement by 350-600-degree C maintenance conditions or elongation will become 
small, and it will become easy to obtain the press-forming nature excellent in high intensity. 
[0018] Therefore, for this reason, it is necessary to add aluminum 0.01% or more. In addition, adding 
0.1% or more is desirable when acquiring the effectiveness of aluminum addition. On the other hand, 
when aluminum exceeded 1.0%, like the case of superfluous addition of Si, since plating adhesion 
deteriorated, it had to avoid and the upper limit was made into 1.0%. Moreover, in order to secure the 
necessary operation effectiveness, it must be made for "Si+0.8 and aluminum" to have to become 0.4% 
or more first, although "Si+0.8 and aluminum" are specified in the necessary range since Si and 
aluminum do the same operation effectiveness so. Moreover, in order to secure plating adhesion, it must 
be made for "Si+0.8 and aluminum" to have to become 1.8% or less. 

[0019] Although the steel plate of this invention makes the above element a fundamental component, 
while it is one sort or two sorts or more, and/or austenite generation element of Mo, Cr, V, B, Ti, and Nb 
which are a hardening disposition top element, it may add at least one sort of nickel, Cu, and Co which 
raise reinforcement and plating adhesion, or two sorts or more in addition to these elements and Fe. 
[0020] Below, the reason for limitation concerning the addition of these elements is explained. In 
addition, the steel plate of this invention may contain the element mixed in P, S, N, and other general 
steel unescapable. Like Mn, while nickel, Cu, and Co are austenite generation elements, they are an 
element which raises reinforcement and plating adhesion. Since nickel, Cu, and Co are the elements 
which cannot oxidize easily rather than Fe, they condense on a steel plate surface and prevent the fall of 
the plating adhesion by oxidation of Si or aluminum, therefore, each of nickel, Cu, and Co - less than 
2.0% ****-- things are desirable. If the content becomes 2.0% or more, since cost will become high, it 
is not desirable on industrial manufacture. In addition, when adding Cu, it is desirable the amount which 
fills nickel for nickel(%) >=l/2Cu(%) from a viewpoint which prevents hot tearing by Cu, and to add. 
Moreover, as for the minimum of the addition of nickel, Cu, and Co, considering as 0.01% is desirable 
respectively. 

[0021] Cr, Mo, V, B, Nb, and Ti are elements which raise hardenability. Mo: The target hardening 
disposition top effectiveness can be acquired by adding two of at least one sort or the sorts or more less 
than [ Nb:0.1% ] and below Ti:0.1% less than [ 0.2% ], less than [ Cr:l% ], less than V:0.3%, and less 
than B:0.01%. Even if it adds these elements beyond the above-mentioned upper limit, the hardening 
disposition top effectiveness is saturated and cost only becomes high. 

[0022] Next, the reason for limitation concerning other requirements in the high intensity alloying hot- 
dip zinc-coated carbon steel sheet of this invention is explained. The ductility in the steel plate of this 
invention as a final product is influenced by the rate of the volume of the retained austenite contained in 
a product. Since the retained austenite all over a metal texture will metamorphose into martensite and 
will present transformation induction plasticity if deformation is added although it exists in stability 
when having not received deformation, the outstanding moldability is obtained under high intensity. 
However, the improvement effectiveness in a moldability which the rate of the volume of retained 
austenite carried out clearly at less than 2% is not accepted. 

[0023] On the other hand, when the rate of the volume of retained austenite exceeded 20% and severe 
shaping is given to the degree of pole, possibility that a lot of martensite exists where press forming is 
carried out will be raised, and this may cause a problem in fabricating nature or impact nature. So, the 
rate of the volume of retained austenite was made into 20% or less in this invention. 
[0024] Although the above-mentioned steel plate of this invention has Zn alloy-plating layer on the front 
face, Fe content in this plating layer was made into 8% or more at less than 8% because neither chemical 
conversion nature (phosphate processing) nor paint film adhesion became good. Moreover, Fe content 
was made into 15% or less because it became a fault alloy by ** 15% and the plating adhesion of the 
processing section deteriorated. 
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[0025] Moreover, aluminum content in Zn alloy-plating layer was made into 1% or less because 
aluminum segregated during plating constituted a local battery and made corrosion resistance 
deteriorate, when aluminum content exceeds 1%. In addition, although constraint is not prepared 
especially about the thickness of Zn alloy-plating layer, it is desirable from a corrosion resistance 
viewpoint that they are 0.1 micrometers or more and 10 micrometers or less from a viewpoint of 
workability. 

[0026] Next, the manufacture approach of the alloying hot-dip zinc-coated carbon steel sheet of this 
invention is explained. The high intensity steel plate of this invention anneals the cold rolled sheet steel 
with which are satisfied of the requirements for the above-mentioned component presentation for 30 
seconds to 10 minutes by the 650-900-degree C two-phases coexisting temperature range, and cools it to 
350 degrees C - 500 degrees C with the cooling rate of 2-200 degrees C/second after that. It holds in the 
temperature region for 5 seconds to 20 minutes, subsequently, hot dip zincing is given and it holds in a 
470-600-degree C temperature region for 5 seconds to 2 minutes, and after that, with the cooling rate of 
5 degrees C/second or more, it cools at 250 degrees C or less, and is obtained. The example of this heat 
history is illustrated to dr a wing 1 ((a) and (b)). In addition, at drawin g 1 , time amount "a second" was 
displayed in "s." 

[0027] It is Acl in order to consider as 2 phase organizations of a [ferrite + austenite] first in continuous 
annealing of cold rolled sheet steel. It is Ac3 more than the transformation point. Heating is performed 
in the temperature region below the transformation point. Since it took time amount too much that a 
cementite re-dissolves that whenever [ stoving temperature ] is less than 650 degrees C at this time and 
the abundance of an austenite also became small, the minimum of whenever [ stoving temperature ] 
could be 650 degrees C. 

[0028] Moreover, since the rate of the volume of an austenite became large too much and C 
concentration in an austenite fell when whenever [ stoving temperature ] was too high, the upper limit of 
whenever [ stoving temperature ] was made into 900 degrees C. If possibility that non-dissolved carbide 
exists will become high if too short, the abundance of a soaking time of an austenite decreases and it 
lengthens, possibility that crystal grain will become big and rough will become high, and on-the- 
strength-ductility balance will worsen. So, the soaking time was made into 30 seconds - 10 minutes in 
this invention. 

[0029] After soak is cooled to 350-500 degrees C with the cooling rate of 2-200 degrees C/second. By 
processing which carries over and follows a bainite transformation range, without making the austenite 
which heated to the two-phases coexisting temperature range, and it was made to generate 
metamorphose into a pearlite, at a room temperature, this considers as retained austenite and bainite and 
aims at acquiring a predetermined property by this organization. 

[0030] Since most austenites carry out [ a cooling rate ] a pearlite transformation during cooling in a 
second in less than 2 degrees C /at this time, retained austenite of the rate of the necessary volume is not 
securable. When a cooling rate exceeds a second in 200 degrees C /, a gap becomes large by the cross 
direction and the longitudinal direction, and it becomes impossible moreover, for cooling terminal point 
temperature to manufacture the steel plate which has a uniform organization. 

[0031] The description of this invention is held in the temperature region for 5 seconds to 20 minutes, 
after cooling from heating by the two-phases coexisting temperature range to 350-500 degrees C, 
subsequently, is performing melting Zn plating and alloying processing, and is to manufacture the high 
intensity alloying hot-dip zinc-coated carbon steel sheet excellent in press-forming nature, and each 
conditions can be found from a viewpoint of press-forming nature and Zn plating nature. Although the 
transformation to bainite from an austenite separates into two steps in the steel plate of this invention 
since Si and aluminum are contained The bainite which utilizes 2 stage separation of this transformation 
and hardly contains carbide in a steel plate, The organization where the retained austenite to which C 
swept out from the part condensed, and the Ms point fell below to the room temperature, and the ferrite 
by which defecation progressed during heating by the two-phases coexisting temperature range are 
intermingled is made to appear, and high intensity and press-forming nature are reconciled. 
[0032] In case an alloying hot-dip zinc-coated carbon steel sheet is manufactured, heat-treatment which 
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alloys Fe and Zn after plating is performed, but if possibility that the austenite once generated by this 
heat-treatment will decompose, and a pearlite and carbide will generate is high and a pearlite and 
carbide generate, the reinforcement and elongation of a steel plate will change a lot. Thus, since 
reinforcement and elongation may change with the heat-treatment after plating a lot, when actually 
manufacturing an alloying hot-dip zinc-coated carbon steel sheet, there is a problem that it is difficult to 
control temperature proper. In order to solve this problem, even if it performs heat-treatment after Zn 
plating by advancing a transformation to bainite and stabilizing the retained austenite which C 
condensed by holding a steel plate in a predetermined temperature region before performing melting Zn 
plating to a steel plate, by this invention, the steel plate with which reinforcement and elongation were 
compatible can be manufactured. 

[0033] When the cooling terminal point temperature from a two-phases coexisting temperature range 
exceeds 500 degrees C, the decomposition to the carbide of an austenite takes place by subsequent 
temperature maintenance, and it becomes impossible to remain an austenite. Moreover, if cooling 
terminal point temperature becomes less than 350 degrees C, since most austenites will metamorphose 
into martensite, although it becomes high intensity, press-forming nature gets worse. If the 350-500- 
degree C holding time is too as short as less than 5 seconds, the effectiveness of this invention will not 
be demonstrated. Moreover, if the holding time exceeds 20 minutes, press-forming nature will 
deteriorate by disappearance of a carbide deposit and a non-metamorphosed austenite. The relation 
between the holding time before plating in this invention and on-the-strength x elongation is typically 
shown in drawing 2 . The range of an arrow head is range in this invention among drawing 2 . 
[0034] After melting Zn plating, by this invention, it holds in a 470 degrees C - 600 degrees C 
temperature region for 5 seconds to 2 minutes, and cools at 250 degrees C or less with the cooling rate 
of 5 degrees C/second or more after that. These conditions are set up from the viewpoint which 
promotes the alloying reaction of Fe and Zn, and a viewpoint which obtains a desired organization. 
While retained austenite is no longer contained in the last organization since a pearlite generates from an 
austenite if the retention temperature after melting Zn plating exceeds 600 degrees C, the alloying 
reaction of Fe and Zn will progress too much, and Fe concentration under plating will exceed 12%. On 
the other hand, if retention temperature becomes 470 degrees C or less, the alloying reaction rate of Fe 
and Zn will become slow, and Fe concentration under plating will become low. 

[0035] Moreover, on the other hand, if the holding time becomes in 2 minutes or more, fault alloying of 
Fe and Zn will arise and it will become easy for the alloying reaction of Fe and Zn to become [ the 
holding time ] inadequate in less than 5 seconds, and to produce plating exfoliation etc. at the time of 
molding. Furthermore, if the cooling rate after holding to necessary temperature and time amount is 
carried out in less than 5 degrees C/second or cooling terminal point temperature is 250-degree-C super- 
**(ed), since it will progress further, the austenite to which C condensed at the reaction of the preceding 
paragraph will also deposit carbide and a transformation to bainite will decompose into bainite, the 
amount of the retained austenite which improves workability with transformation induction plasticity 
decreases, and the purpose of this invention must have been attained. 

[0036] Moreover, the heating rate to the retention temperature after plating has [ the temperature of the 
viewpoint which obtains a desired plating organization metallurgy group organization to melting Zn 
plating ] 400-480 degrees C desirable although it is not necessary to specify especially the heating rate 
to the temperature of melting Zn plating, or the retention temperature after plating in 2 degrees C/second 
or more again. Moreover, even if they do not need to be fixed if the temperature and cooling temperature 
in the process explained above are within the limits of a convention, and it changes within the limits of 
it, the property of a final product may not deteriorate at all and may iqiprove on the contrary, moreover, 
the material used by this invention should pass a principle and the usual production process (refinement, 
casting, hot-rolling, cold-rolling) ~ although manufactured, a problem does not have what omitted and 
manufactured those part or all, and it is satisfactory even if it applies the above-mentioned monograph 
affair to this thing. 

[0037] In addition, in order to raise plating adhesion further, independent or composite coatings of 
nickel, Cu, Co, and Fe may be given to a steel plate before annealing. Furthermore, in order to raise 
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plating adhesion, the ambient atmosphere at the time of steel plate annealing may be adjusted, a steel 
plate front face may be oxidized in the beginning, and the steel plate front face before plating may be 
defecated by [ the ] carrying out post reduction. Furthermore, in order to improve plating adhesion, the 
oxide on the front face of a steel plate may be removed for a steel plate by acid washing or carrying out 
grinding before annealing. 

[0038] Furthermore, in manufacturing the usual hot-dip zinc-coated carbon steel sheet which is not 
made to alloy, it cools to 250 degrees C or less with the cooling rate of 5 degrees C/second or more, 
without carrying out alloying-after hot dip zincing processing. If the cooling rate after maintenance is 
made into less than 5 degrees C or cooling terminal point temperature is 250-degree-C super-* *(ed) 
here, since it will progress further, the austenite to which C condensed at the reaction of the preceding 
paragraph will also deposit carbide and a transformation to bainite will decompose into bainite, the 
amount of the retained austenite which improves workability with transformation induction plasticity 
decreases, and the purpose of this invention must have been attained. 
[0039] 

[Example] Annealing, next melting Zn plating were performed to the cold rolled sheet steel which 
showed the component presentation in Table 1 on the conditions indicated to Table 2, and temper rolling 
was carried out to it at 0.6% after that. About the manufactured steel plate, each trial of the "tension 
test", "a retained austenite measurement trial", the "weld examination" and the "plating adhesion test" 
which are shown below, and "the density measurement in a plating layer" was performed. Moreover, 
plating coating weight is one side 40 g/m2. It was made to become. 

[0040] A "tension test" extracts a JIS No. 5 test piece for tensile test, and is 50mm in gage thickness, and 
speed-of-testing 10 mm/min. The ordinary temperature tension test was performed. From the surface, 
after chemical polishing, "a retained austenite measurement trial" is the X diffraction which used Mo 
bulb, and performed 1/4 inner layer of board thickness by the approach called the 5 peak method 
searched for from the reinforcement of alpha-Fe and gamma-Fe. 

[0041] The "weld examination" performed spot welding by the welding condition of welding 
currentrlOkA, welding-pressure:220kg, weld-time: 12 cycle, diameteriof electrode6mm, electrode 
configurationrdome mold, and tip 6phi-40R, and evaluated the number of continuation RBIs of the time 
of the diameter of a nugget cutting one half [ 4t ] (t: board thickness). The valuation basis was made into 
1000 0:RBI [ continuation ] ** and less than 1000 xxontinuation RBIs. Here, O was considered as 
success and x was taken as the rejection. 

[0042] The "plating adhesion test" performed the tape test after carrying out the 60-degree V-bending 

trial of a plating steel plate, and evaluated it in accordance with the following criteria. 

Tape test photographic density (%) (for O and O, success, **, and x are a rejection) 

evaluation: - zero to O-IO evaluation: - less than [ O- ] ten to 20 evaluation: - less than [ **- ] 20 to 

30 evaluation: - x— 30 "the density measurement in a plating layer" or more, after melting a plating 

layer with 5% hydrochloric acid into which amine system inhibitor was put, it measured by the ICP 

AEM method. 

[0043] A performance-evaluation test result is shown in Table 3. It sets in the samples 1-11 which are 
this inventions, and tensile strength (TS) is all 550MPa(s). Though it is above, all elongation (El) is 30% 
or more, and plating adhesion is also satisfied while good [ of high intensity and press-forming nature ] 
is compatible. By the sample 17 (steel q), since C concentration is low. Si concentration is low and the 
relational expression of Si and aluminum in this invention is not filled with a sample 15 (steel o) and a 
sample 16 (steel p) by the sample 13 (steel m) by the sample 12 (steel 1) which is comparison steel, since 
Mn concentration is low, on-the-strength-ductility balance has a rate (%) low bad [ on the other hand, ] 
of retained austenite (residual d). Moreover, by the sample 18 (steel n), since Mn concentration is high, a 
problem is in weldability. Moreover, by the sample 14 (steel n), since Si concentration is high, and 
aluminum concentration is high by the sample 19 (steel s), plating adhesion is bad. 
[0044] Moreover, even if it is the steel which fulfills the component presentation of this invention, when 
one of the processing conditions is obtained from the range of this invention, like samples 20-35 (all are 
Steel a), on-the-strength-ductility balance or plating adhesion is bad, and does not have an achievement- 
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less profit of the purpose of this invention. 

[0045] 

[Table 1] 
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[Table 2] 
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[0048] 

[Effect of the Invention] As explained above, according to this invention, the high intensity alloying hot- 
dip zinc-coated carbon steel sheet excellent in press-forming nature useful as a member of business, 
such as an automobile, construction, and an electrical machinery and apparatus, and plating adhesion 
can be manufactured efficiently, and can be offered. Therefore, this invention is **(ed) to the cross 
member of an automobile, and lightweight-ization of members, such as a side member, and its value on 
industry is very high. 



[Translation done.] 
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0. 2%*il, Cr : 1%*}!. V: 0. 3%*}1t« 
B : 0. 0 1%*)1, Nb : 0. 1%*>1. Ti : 0. 
l%*)1l<0d*>i!^^:< ISt L<«±2aJ3Lh*:#* 

[00 133 (4)frffi(l)0»|g3!)J. SH^f. $ 

h\,Z, Ni : 2. 0%*«, Cu : 2. 0%*)M, C 
o: 2. 0%*)ic7)p*>^^=5r<tt l«l,U<{i2aj.:l 
±$:#^-rati:t>{C, Mo : 0. 2%5fel. Cr : 1 
%m V : 0. 3%*)?|. 8:0. 0\%m. N 
b:0. l%*jS. Ti:0. 1 ^ *>^^^r < t 

<> 1 at> L «i 2«ia±«rir*-fi. d t srwst-ri.T- 
[00 14] 

vm.\timx'h^. zM^mmni 
j/K^-r^ v^mMx-y^,^^ v^t^h^mL. :t 
-x^±^ v^^zmitth. ^(om^. mmz^&it 

oxmt. z<7>mmmmizi:*)m^mnt^j: 

C*S0. 04%*)|fCJ)l.t. 2%tU:«05S®Jj-- 

Ztm'^^j:\'^(OX\ TRSS-O. 04%i:t?t. 
c*io. 2%S-fi-rc:t{i, ?§«14^»t?-tt'?.cOT'ig 

rz. 

[ 0 0 1 5 3 S i {i, -fe> VrJ'^ hfciKHirr. -ecoff 
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tmmH-thZbiZX'O. 3 5 0-6 0 ort^fctts^ 
mmt-fh. S i *>' 0 . 2 ^ i: « -ecO^m 

i ^f'<-r^tist)')^mm^-th<r>-v. i . s 
[00 1 6] Mn«. i^-XT-i-A vm^mx'h'o. 

mtl'i&±X\ :^-X7-i--i hfj^y-^-y^ h^^mti 

muz^^±m.m^iz^^-XTi-^ hi^^ttn, 

XolZ-Thtzib. MnS:»-rS*>\ O. 5%^^m 

ami, h^<7)j^m^^iht:Mz. i^w^ 

cOT\ tRRSrO. 5%i:Uc. -:^r. MnSr2. 5%^ 

it^^iL. itc. XTit^yh^mm^i-y-yhf^x-msi 

[00 171 Al{±. iiiSfltL-Ct>fflt^^.fll.i:lBm?f 
tc, S ii:.|lIl:J:-5(C, -b^y^'^f htS^-l^f. 3 5 
0-6 0 0°Ct'c73«m;|gtT-b;><y^'^ hO^ffttiS-ffll 

mt. ^(TiMff^m^'t^Ttmx'hi. t*»L. ai 

<±. S i J: 0 1 7 X 7^ hJ^B!itl*i3$i^/itf)^®gBSS^ 
mX'0^-Xy-t-( hiplzc^mit-ttib, ^-XTi- 

A v<ry\tmm^'&i:m>^h<nx\ mmA<r>A i ^-t^ 

■S. -eiliii:, A 1 i 3 5 0-600 

^mx-mitcruxm^ij^m^K . 

[00 18] m-oX. Z(r>fci6. AKi, 0. oi%a 
±matlimti^hh. ^is. 0. i%tUi^Jirtl.i 

t*s. A 1 maffm^mi 0 iTmt u\ -sr, a 
o%imiib. Si (^mmmtam^t mm 

1 . '0%i: L3t, ^7t. S i A 1 (iPl^cOf^ffl 

^^^mt^i'h. rsi+o. 8- Aij s-mscoiE 

ib. rsi+0. 8-aijA>-0. 4%a±.l.z^j:i>Xo 

izL^iftni^i^^\,\ ttz. tb-itmrn^trmk-th 

fzMz^ rsi + o. 8 Alj*<l. 8%aTI,z^t 
[001 9,].3|s:f|BHiO»MS{i. VXkff)7tmim^&'»t 
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7agT<bl.Mo, Cr. V, B, Ti, Nb<01«tL 

mx'hh t mmz^axx/tb-y^mm^^^^^i 

Ni, Cu. Co<o^^^r<i:t iatL<{i2atLh. 
[0020] OTt:, CiX'^7Cf|c03sSD»(cf^|,[S^a 

V^t<7)fJ)l>, Ni. Cu. Co{i, MntntXo 

x/ib-o^mm^^f^^^-^^Tcmx'hh. ni, cu, 
c o(i, Fexn tmtuz< \,^7mx'hhcr>x\ mas. 
m^zmit s i ^A 1 comuzx m-^^ 

ii. 2. o%mttszbmti\.\ ^comnf 

2. 0%a±t^j:^b. ^Xhf)m<^j:?^coX\ JJIW 
(4. CuJcJ:^fasSijn$-|*it-f&flA*>f>. Ni^. 

Ni (%) ^i/2Cu (%) ^mtztM.. mtatiz 

20 i:A^iLt\ N i . Cu. CocO^JpMctJTIS 

^ix^'ti. 0. 0 l%t-tl.^t*>'S^Lt\ 
[002 1 1 Cr. Mo, V. B. Nb. Ti«MAtl 
mi^^^^mmThl. Mo : 0. 2%*)?|, C 
r : 1%*}!, V : 0. 3%*}1f. B : 0. 0 1%* 
SI, Nb : 0. 1%*)W, Ti : 0. \%^m<r)o*>'p- 
'5:< t i. 1 at L < {i 2 SlJLh^gsODt S ^ i: ct 0 , 
mti-i>^}Jx'&.\«\±mz^%i>Zbi)^X'%h, Zfi 

maL. axVim<^j:i>f3iX'ht, 
30 [ 0 0 2 2 ] , *^HBc7)it5Si^^^>(t;iil!ffiiBi^ o 

^^i.zistfi^n^it-XT'i'^ v<r)mmiz^^^ix 
I. ^wMm.Mzhhnm-XT')-^ Hi. ^i^s. 

x\ mifzmmimk^<^yx'%ktit. t*^L, n 
m-XTi-^ hcr)mmtfi2%mx'U. a^^'ot 

40 [0023] -:^r, mm:^-XTi-^ hC0«sS**^2 0 

%^mx.?>t. m&^zmL^^m^^mtfzm^^z. ru 
xmucmx'^M<r)'7f\^^y^^ h*^#«-ri.Tiiag 

T-{4^*-;?.r-^-f 2 0%WFt tfz. 

[00241 *l|BH«0±i^«<4, ^BBtZZ n-^^«6o 

w±t t^^cod, 8%mx'ii. mjm^ ( u >'i!is 
m) 'mmmiii)^mb^j:(>^j:^^i3'(>x'hi. t 
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[0 0 2 5] t/^:, Zn-^^*:)-3#il+OA 
0.1m mJiLb. SDHt<7)M^*^'o 1 0 M mlilTf J>S 

1 0 0 2 6 ] . ^l^BfltfO^^-fMSIBV) -y^mm 10 
±ie«:5i-ffl«cos#* ifi^-r I i^mm. Sr , e 5 o - 9 

0 0'CC0Zffift»a®iST-3 0#~1 O^MICt. -ecO 
f*. 2~2 0 0°C/S.><OJ^aiilJK-C3 5 0X;~5 0 0'C 

*T'?#aiL-r, 'f-wa««iti5»~2 0ra^i^L. »:v% 

t\ mms^ib-^^imi. 4 7o-6oo'c<7)S)g^ 
tc5^^~2'^j-«»L, -eof*. 5'c/g.m«7)j^aaf« 

mmmami ( (a) t (b) ) tcws^-ts. 'Srfc, 

II 1 T'Ji:, ^ral r#j Sr r s J T'«S^L/w, 20 
[0027] J&®iH«i7)a«gm-C1±, i-r. (7x5 
>f ^+5^■-;^r:^'f ^2fflttij»i:-fS-t*^)tc. Ac 

1 ^;^JiLiiAc3 ^mMiTcow^mMnm^nh 

{i6 5 CCt t;t:„ 

[ 0 0 2 8 ] t/::. imm-ifim^htii-X^^^ 

iiS*^<ST-ri> t *^ , »asco±i®{i 9 o o t 30 

XU. im^m^ 3 0:B''~ 1 O^b Uz, 

[0029] mmi. 2-20 ox:/^mm&T 

mzm^.bX^^-^tz:^-xri->( h^. A'-^-f h 

^h^htt, :i<7)mti,zX'oxm^m^mizti: 

[ 0 0 3 0 ] icoi^. }^ai3SS3&«2X;/^*Si-C{±, 
ffltpiZt-XTi-^ hffiiz^M^J-^-y^ h^m^ IX 

Ilk. }%mi^A^&m<mfif^ t ^ifi^tx-nnj^iz 
[0031] ^ftmeomm. zfflft»jasJST<oM 50 
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i}>t>(7)3 5 0-5 0 ox^^ffi^&m. ^commiz 5^ 

nmtrmztx. ruxmmzmtifz-^^m-^^it 

mrnm-^^mtr^-thztizh^. 

a. •r\^xmmtznisb'>^^com^^(>'Stti. * 

^m(7)mWLX'ii. S i fcA l*>'-^tiXTV^|.c7)T\ ^- 

xri-^ Vti>h^^i-4 Y^ffymifiZJm<,z^mth 

tifzctimittM s j^(*iMffljiiTi:<ST Ltimm-x 
Ti-^ axif. -^^m.mx(omMzmmt 

[0032] -^^^mmminb-y ^muimm-timz 
a. Febzni-^it-msfmmim 

z(r>MmMlzxy)\.^'>fz^±^lfz:t-xfi•^ 

mm^zx mmbm*<±^<^-{ttiz bm?>(^ 
x\ mmAz^^itmm&ii^'y^mmmm.i-hi^^iz 
ti\^x\i. i^i:mEizmm-rizbtmL^^b\>^om 
mmh, znmm^fm-thtztb^z. ^^aj-cii. m 
mzmm.z m^-ot ^mmizmmmMffimMnzBiL 

fZ^:^-Xf-i-^ hi^Mit^-tlZblZX'O, Zn 

^ m<r>Mmm^'i7'>x t> , m^mx/wi/tmiL 

[0033] zMm^i&jmf)^i^(7)i^m^m[tfi5 0 

o-amthb. ^<r)mcois,mu.nx'^-x^i-^ hco 

<^rS. ttc. i^mmmfi3 5 0X:miz^j:lb. 

x\ ft3istcj±^i.tc7)i7), rvxm>'&.-hmi\Lth. 

3 5 0-5 0 0'C-C<7)fi9#l^ra*^5g.*}StM-rri. 

o^i:mx.tbmm^iiib^^B^-XTi--i h<7)m 
^izxo. rvxmmi^^itth. ^i&HHtcfcttSi^ 
'yti^m^^bmsL->^m<mmmmizm 2 

■t. 02 "f. ^E|i<?)KH*<*l6afl{cfc{t^Kia-C'$)l.. 
[0034] j#MZ nS^ogif^, *5|Bflt'{i. 4 7 0°C 

'-eoo°c<nmm:5'^2-^-UmL. ^<om. 5'C 

/^a±.mmL&x'2 5 0'ci;xTiz}^Sii-i>. ztih 

co^mi. FebzncD-^^^mmii&mtim^b. 
mm<^mmi:mm^^-^Wi^^tirzi><^x'hi, mm 

Zny>o#^cO«i#ag*<6 0 0'C^iB;t4i:. :^-X 

T-r^ ^*>^>^^-7-^ vii^^^thcoxmw^^zn^ 

:t-Xf-t^ hA>'*^iX^<^r4i:|Simc. FetZn 
cO^^^bRJte^mt rt". tf)-? # F e iajg*^ 1 2 
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[0035]*/^. mmm^5^'mX'ii.. FetZ 
■^ai-lZ^^ hh. F e fc Z n oy&^mU^^ t , «^Kf 

[00 36] ttz. j§itZnJ6-5|'Oaa^*^-5§m<^ 
'5>, ^itZnA6-?#i7)ia;Kti:4 0 0-4S0'C*\ i 

^j^^MbL^rV^t. *»;toT|6l±f SJi^t)*!.. 

«jt. sft®, ^mxmm^tr.tzh<DX'hhifi. -e 

[0 0 3 7] ^Jd. J6-D#25«tt$rS£>C|6]±§*Sy^ 
tbliZ. mm^iZ. ifKtCNi. Cu. Co. Fec7)»M 

L . ^i6{4a!«R^SiS-il^t t . -eof^Trfl. c: t J: 

ac*).i. V:^{4efwijt-.& ^ b x\ mm^m<r)mmi:M •? ^ 

[ 0 0 3 8 ] § -^^{b$-tt^Uii^«MJ^ 

tT'?^in-rs. zzx\ mticr)'mm&i5v^mb 

Ti-^ hi;,mimi:«xiiiLx^-!i-^ hiz^m'ri><r> 
i-^ h<^m.i}<m'-Lxtt\'\ :^mmmi)^^ti 

[00 39] 

immm] mii,z!s.^mss.^^^Lfzi^mmmi,z^ m2iz 



(6) #^2 GO 1-1 4 00 22 

1 0 

-y^nmmi, frffl4 0g/m2 iz^j:lXdlzLfz. 
[0 04 0] rgis^sij {jj I s5#§l5IiiSlifrS-aJ 
KL, y-£^'W$5 0inin. ^ISgaES 1 Oma/min T'^ffl 

«4s «SJ:'3«W01/4l*lSS-(t^gf^. Mo«« 

[0041] mmUMi ^««85 : 1 OkA. MS. 
: 2 2 Okg. : 1 : 6m 

: F-AS, 5feS6<^-4 OROjg^^^ft 

mi. o : it^iTj^ii 0 0 0^. X : wmi^io 0 

[0042] rj^>-,#afjittMlftj {4. a6o#iWg<06 
20 OSVfttfSSS^S-HJfi^. r-rr;^h&ffi\ OTO 

x-rrXMI^tK (%) (@t03&«^1Ss AtxJi^F 

fF«: @-0~l 0 
»ii:O-10~2 0*)1l 
fffi: A-2 0~3 0*}S 
fffflS: x-3 0JiLh 

30 ffit-SiJSL/c, 

[0043] ttffilMsCiifeSSr^S ic^-t. *^HB-C' 

S ) *S5 5 OMPa iiUiT-*) 0=5r**^.. ( E 1 ) 

3o%mLX'h^. -m.fS.bri'xm^'iS:(^^n^im 

mzML. mmx'htw^i 2 mi) t'«4. cinjs 

mmi 5 («io ) fcit/sm 1 6 (^p ) x'\i^% 
mzam s i t A 1 <7)Mf*ie*i)i/^$nT^^^v^!t 

40 ib. mmi 7 (fflq) X'\i. MnffiJS»^;ti6, «S 

wm\iZjmifihh. tti. a«i4 

(iHn ) t'{4, S i jiS*>1«V^/ca6, |fi^41 9 (Sis ) 
[0044] *l|B^<^«4)-iHjSS-?tS:-ti!TS)^ 

l«i|£f2 0-3 5 (V^i^i,S3a) £7)J:olC, 3feS 
^;tt4, i6-Dgi??«tt*iS<. *I6 
50 Bj<oa«*sas^rt^=5rv>, 
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